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JUNIPER ENCROACHMENT: 

POTENTIAL IMPACTS TO SOIL EROSION AND MORPHOLOGY

Bradford P. Wilcox and David W. Davenport

Purpose:  The purpose of this report is to assess the impact of juniper expansion on soil erosion
and soil morphology, based upon available literature, theoretical relationships and personal
observation.  We have summarized much of the available literature on this topic and on that basis
have formulated a number of hypotheses concerning the impact of juniper expansion to soil
erosion by water and soil morphology.

LITERATURE REVIEW

Herbaceous Cover

     The relationship between coverage and density of juniper to understory vegetation is
fundamental to the impact of juniper encroachment to both soil morphology and soil erosion.  If
expansion has no or little impact to herbaceous cover, then the impact to soil morphology and
erosion is minimal.

     There is compelling evidence that in many or most cases, as juniper increases in density the
understory cover decreases.  This seems especially true for xeric sites (i.e. south facing slopes and
shallow soils).  Juniper species are considered successionally aggressive, and tend to reduce or in
some circumstances virtually eliminate understory vegetation (Tausch and Tueller, 1990). 
Numerous studies have shown relatively rapid declines in understory vegetation as pinyon and
juniper increase in density (Schott and Pieper, 1985, 1987; Tausch et al., 1981: Tausch and West,
1995).  Juniper and pinyon-juniper woodlands generally have a greater percentage of understory
at higher elevation sites and on slopes with aspect (West et al., 1978; Tausch and Tueller, 1990)
suggesting that there is a moisture threshold below which understory cover cannot compete with
juniper.  A number of studies indicate that herbaceous vegetation increases dramatically when
juniper is removed from a site by chaining or burning (Clary, 1971; Miller and Wigland, 1994,
Everett and Sharrow, 1985), again suggesting that juniper limits understory vegetation by out-
competing it for resources.

     Our observations in northern New Mexico lead us to believe that there is a moisture threshold,
below which juniper expansion has an especially devastating impact on herbaceous vegetation.  At
our study site, in Bandelier National Monument, New Mexico, pinyon-juniper woodlands are
characterized by marked contrasts between southern-and northern-aspect slopes.  On the more
xeric south-facing slopes, the woodland exhibits extremely sparse understory vegetation and
accelerated erosion, with about 30 cm of soil cover having been stripped.  The north-facing have
much more abundant grassy and herbaceous cover, and are not undergoing significant erosion
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(Wilcox et al., 1995).

Soil Morphology

     Juniper is evidently capable of thriving on a wide variety of soil types formed from very
different parent materials.  Observations of soil morphology patterns in juniper and pinyon-juniper
woodlands have been quite limited and largely limited to discussions of soil depth and rockiness.

     Mature juniper is more likely to be found on shallow, rocky soils, while younger juniper stands
are typically on the deeper soil sites with fewer rock outcrops and less gravel (Burkhardt and
Tisdale, 1969).  In southwestern Idaho, Burkhardt and Tishdale (1976) found that juniper
seedling establishment was favored in deeper, less well-drained soils, but that tree growth after
establishment is favored in the shallower, better-drained soils of upper slopes.  They also found
that on southern-aspect slopes, moisture holding capacity of the soil is an important control on
both establishment and growth rate of juniper.  Establishment and growth are positively correlated
to the amount of fine material (clay) in the soil, and negatively correlated with the percent of
coarse fragments in the A horizon.  The same pattern is seen on northern-aspect slopes, but the
correlation is not as strong.

     Davenport and Wilcox (1995) did a comparative study of soils under pinyon and juniper
canopies to those of interspace soils.  They found some weak but not statistically significant
trends.  Soils of the juniper canopies had thicker A horizons, thinner C horizons and slightly
coarser overall profile textures than either pinyon or intercanopy soils; total soil depth under
junipers was not significantly different than pinyon or intercanopy soils; soil pH was lower under
juniper than in intercanopy soils, but not different from pinyon soils; juniper soils had the highest
percentage of organic carbon and the highest electrical conductivity in surface horizons. 
Differences in canopy/ intercanopy soils may be related to differences in establishment and
survival in different pre-existing soil conditions.

Soil Nutrient Patterns

     Most soil studies in juniper woodlands have focused on soil nutrient distribution under
canopies and in interspaces.  It has been shown that juniper trees extract nutrients from interspace
soils and concentrate those nutrients in the soils under canopies, mainly through deposition of
litter (Covington and DeBano, 1990).  Doescher et al. (1987) found that in western juniper
woodlands of central Oregon, surface (0-8 cm) soil Ca concentrations were greatest near the
boles of large juniper trees and decreased into grassy and bare interspaces.  The concentration of
Ca was greatest in the surface horizons and decreased in deeper horizons under canopies, while
no depth trend was found in intercanopy areas.  Similar patterns were found for soil organic
matter and K.  Soil pH was also highest under mature canopies, while low pH values were found
under young juniper and in intercanopy zones.  The highest levels of total N were found under the
canopies of juvenile junipers (<40 years old).  Concentrations of Mg, Na and P did not appear to
differ among canopy and intercanopy zones in this study.
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     In even aged pinyon-juniper woodlands of Utah, McDaniel and Graham (1982) found
somewhat different effects of tree canopies on soil nutrients.  They found organic carbon levels to
be highest in surface horizons under canopies; N and P were highest in surface horizons under
canopies and in deeper horizons of the intercanopy soils.  Soil surface pH was reported to be
lowest in canopy soils, in contrast to that reported by Doescher et al. (1987).  Differences in soil
pH patterns between the two studies may be attributable to differences in tree age and to the
presence of pinyon pine in the McDaniel and Graham (1992) study.  McDaniel and Graham
(1992) report a strong correlation between soil organic carbon and concentrations of N and P. 
The apparent linkage between organic carbon and some soil nutrients suggests that these nutrients
are concentrated under canopies by root uptake and subsequent litter deposition by juniper and
pinyon trees.

     Barth (1980) examined nutrient levels only under pinyon canopies and interspaces of a pinyon-
juniper woodland, but found that all of the macro- and micro nutrients analyzed (with the
exception of Cu) were present in significantly higher concentrations (2-20 times higher) under
canopies than adjacent shrub-dominated interspaces.  He also reported highly significant
correlations between soil age and concentration of several macronutrients and organic matter,
indicating that the concentrating effect of trees increases over time.

Water Relations

     Water availability is an important limiting factor for plant composition in the semiarid
ecosystems dominated by juniper.  The well-documented expansion of juniper woodlands over the
past 12,000 years has been related to climate changes (Miller and Wigand, 1994) which
presumably would alter the local availability of water.  Lateral variations in soil moisture have
been shown to be governed by the presence or absence of pinyon and juniper tree canopies
(Breshears, 1993).  In general, intercanopy soils receive higher precipitation than do canopy soils
due to canopy interception (Johnsen, 1962).  Breshears et al.  (1995) suggest that the ability to
use this intercanopy moisture may be an important determinant of the composition and
distribution of woody species in pinyon-juniper woodlands.  Their data also indicates that junipers
make use of intercanopy water to a greater extent than pinyon pines. They showed further that
juniper tend to rely more on shallow soil water; whereas pinyons make greater use of somewhat
deeper water.  This places junipers in direct competition for water with intercanopy grasses and
other understory species which are shallow-rooted.

Runoff and erosion

     Soil erosion research in pinyon-juniper woodlands and most especially juniper woodlands has
been very limited, All observations of erosion from naturally occurring runoff have been made in
pinyon-juniper woodlands of Arizona and New Mexico.  A point we will emphasize repeatedly is
in extrapolating results from one area to another, the erosive energy of rainfall events must be
considered.  For example, in New Mexico intense high-energy thunderstorms commonly produce
surface runoff, while in the juniper woodlands of the northwest, surface runoff occurs much less
frequently and is mostly produced by comparatively low energy rainfall.
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     Soil erosion research can be conducted in many ways and at many scales.  Rangeland
hydrology studies often rely on small plot rainfall simulation.  These studies have been very useful
and resulted in additional insight and clarification of processes, but are of limited value when we
try to evaluate the relevance to larger scales and natural rainfall.  Larger scale impacts can only be
evaluated using watershed studies, which although more valuable require large expenditures of
time and money.  In this section of the literature review we have categorized studies according to
scale of measurement and method of observation (rainfall simulation or natural).

Watershed scale studies:     Most of the watershed scale hydrologic studies in pinyon-juniper
woodland environments were conducted in the 1960s and 70s.  The management objectives of the
day did not call for a processed-based understanding of runoff and erosion; rather, the impetus for
most of these studies was to test the hypotheses that removing the pinyon-juniper overstory
would increase both water yield and forage production.

     The best documented of these studies was done at Beaver Creek, Arizona (Clary et al. 1974;
Baker 1982; Baker 1984).  It was initiated following a severe drought in the 1950s, when several
researchers began optimistically forecasting water-yield improvements from clearing of pinyon-
juniper cover (Barr 1956).  Information on erosion was also collected.  Several treatments,
including herbicide application and mechanical removal, were applied to small watersheds
dominated by Utah juniper and alligator juniper.  The treatments had little impact on runoff and
erosion.  Erosion rates were generally very low (<300 kg/ha).

     The hydrologic impact of pinyon-juniper removal was also examined in Arizona on a much
larger scale (Colling and Myrick 1966).  Results showed that there was little if any increase in
water yield from such removal.

     Dortignac (1960) compared the early Beaver Creek findings with those of some little-known
watershed work conducted in New Mexico and concluded that the runoff regimes of the Arizona
and New Mexico watersheds were quite different-that whereas in New Mexico most of the runoff
is generated by intense summer thunderstorms and is of short duration, in Arizona it is generally a
winter phenomenon, produced by frontal storms, rain-on-snow, and/or snowmelt.  These
differences highlight the difficulty of transposing results of watershed studies conducted in the
southwestern United States to the juniper woodlands of the northwest.  Some similarities can,
however, be drawn between the pinyon-juniper woodlands of Arizona to the juniper woodlands of
the northwest in that runoff in the northwest in also mostly generated by low intensity winter and
spring storms.

     A small watershed scale study (1ha) has been initiated in northern New Mexico (Wilcox et al.
1995).  Unlike the other watershed scale studies, this one is located in a rapidly eroding
environment.  Preliminary results indicate that erosion can be as high as 50,000 kg/ha during a
single summer (when intense rainstorms are common).   Most erosion occurred as a result of
intense summer thunderstorms.  Although substantial runoff was produced from a prolonged low
intensity storm, comparatively little erosion was produced during this storm.  The erosive energy
of rainstorms greatly affect erosion rates.
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     No watershed scale studies have been implemented in juniper woodlands of the northwest. 
However, results from the Reynolds Creek Experimental Watershed, a sagebrush covered
watershed in southwestern Idaho are applicable to many juniper woodlands of the Northwest. 
The climate of Reynolds Creek is very similar to that of many of the northwestern juniper
woodlands, and by extension most likely so are runoff and erosion processes.  Long-term
observations of runoff and erosion indicate that at the lower elevation of the watershed, where
annual average rainfall is <400 mm/yr, runoff is a small part of the water budget (1-3%) and
occurs mostly as a result of rain-on-snow while soils are frozen.  Average annual erosion rates are
very low (<50 kg/ha) (Wilcox et al. 1989).  Similar to sagebrush rangelands of the northwest,
frozen soil runoff is the likely mechanism of runoff generation in juniper woodlands as well.

Hillslope scale studies:     The effects of clearing of pinyon and juniper on surface runoff and
erosion have been examined in several hillslope-scale studies.  Wood and Javed (1991) and
Gifford (1975a) found that runoff and erosion was greater if slash and debris were removed. 
When these were left in place, runoff and erosion were lower-presumably because the increased
surface storage capacity allows more time for water to infiltrate.  Wright et al. (1976) found that
in central Texas burning of juniper increased runoff and erosion on steeper slopes but produced
little change on smaller-gradients.

     Wilcox and Breshears (1995) describe components of a recently established field study on a
pinyon-juniper hillslope within Los Alamos National Laboratory.  Runoff and interflow are
continuously measured from a 1000 m² hillslope, in addition to weather and soil moisture.  Within
the hillslope runoff and erosion are measured from a suite of small plots, ranging from 1-8 m².  In
addition, six 30 m² plots (described in Wilcox, 1994) are located near by.  Using these data we are
able to establish that runoff and erosion decrease with scale.  There is a substantial movement of
water and sediments within the hillslope, but much less actually leaves the hillslope.  Wilcox
(1994) found that although most runoff from these areas is generated from summer thunderstorms
a substantial amount of runoff occurred as a result of snowmelt while soils were frozen.  Frozen
soil runoff, although a substantial part of the water budget, produced much less erosion than
runoff produced from intense summer thunderstorms.  It was also found that cover conditions of
the plots had substantial impact on the amount of runoff and erosion.

Small Plot Rainfall Simulation Studies:      As noted earlier, small plot rainfall simulation has
been a commonly used technique by rangeland hydrologists to study runoff and erosion
phenomena on rangelands.  Simulating rainfall allows the researcher to gather information more
efficiently than if data were to be gathered from natural events.  This is especially true for
rangelands where runoff events can be very infrequent.  It is often difficult, however to
extrapolate data from small plots to larger scales. 

     A number of rainfall simulation studies have been conducted on pinyon-juniper woodlands. 
Only one (Gaither and Buckhouse 1983) has been conducted in juniper woodlands.  They found
infiltration capacity to be around 6.6 cm/hr.  Erosion was not reported.  Other studies have been
conducted in Utah (Williams et al. 1969, 1972; Gifford et al. 1970), Nevada (Blackburn 1975;
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Roundy et al. 1978) and New Mexico (Smith and Leopold 1942; Wilcox et al. 1988; Wilcox et al.
1989; Ward and Bolin 1989 ab; Ward and Bolton, 1991).  Specific objectives of these studies
ranged from evaluating management effects to plant community comparisons, however, each
indicate that for undisturbed conditions (i.e. good cover) runoff and erosion potential is quite low. 
Blackburn (1975) and Roundy et al. (1978) highlighted the important hydrologic differences
between canopy and intercanopy areas as a result of soil and vegetation differences; canopy areas
generating significantly less runoff and erosion than intercanopy areas.

Factors Affecting Soil Erosion - Generalizations

     The potential erosion of every site is affected by a number of factors but of greatest
importance are; 1) amount of protective cover on the soil surface 2) slope angle 3) soil erodibility
and 4) erosive energy of precipitation events.
 
     Of the three factors affecting erodibility of a site (slope, cover, soil erodibility), we believe
slope gradient to be most important.  This has been demonstrated repeatedly on croplands (Zingg
1940, McCool et al. 1987, Liu et al. 1995) as well as rangelands (Wilcox and Wood, 1987).  In
their review of the topic Liu et al. concluded that erosion increases linearly as slope increases. 
Theoretical relationships between slope and erosion, presented in Schumm and Chorley (1984)
indicate that the relationship will change depending on rainfall intensity, with slope differences
being greater under higher rainfall intensity.

     Next to slope, cover conditions probably have the greatest impact on site erodibility.  The
negative relationship between vegetation cover and runoff/erosion on rangelands has been
demonstrated repeatedly.  No consistent relationship, however, (i.e. one with universal predictive
potential) between cover and erosion has been developed, probably because of inherent
variabilities in rangelands.  In the Revised Universal Soil Loss Equation, linear decrease in erosion
with increases in cover is assumed.  The relationship developed by Nobel (1963) as presented in
Schumm and Chorley (1984) hypothesizes a nonlinear relationship whereby changes in cover from
0-8% and >50 have little impact on erosion, but that even small changes between 10 and 50% can
substantially impact erosion rates.  All cover is beneficial be it vascular plants, cryptogams, rocks
or litter.  However, vegetal cover is probably most effective in protecting the soil surface (Wilcox
et al, 1988).

     Erodibility of soils is affected by a number of factors, such as organic matter, structure and
texture.  Silty soils are typically much more erodible than sandy soils.  For example, in RUSLE,
erodibility of silty soils is 4-5 times higher than soils with a high sand component.

     The erosive energy of precipitation events, or erosivity, greatly impacts erosion.  No matter
how erodible the site, water erosion will not occur if no surface runoff is generated.  Wilcox
(1994) demonstrated much lower erosion for snowmelt over frozen soil (no raindrop impact) than
for summer thunderstorms.  In a similar example Wilcox et al. (1995) noted much lower erosion
rates for a prolonged frontal storm than for intense short-lived thunderstorms.  This difference in
erosion energy of precipitation events is the major reasons that one must be careful in
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extrapolating conclusions from pinyon-juniper studies in the southwest (intense and frequent
thunderstorms) to juniper woodlands of the northwest.

HYPOTHESES

     On the basis of our experience and review of the subject, we have formulated a number of
hypotheses concerning the impact of juniper expansion on soil erosion and soil morphology.  As
already noted data are limited, and therefore some of our hypotheses are speculative and open to
challenge.  They are, however, based upon our best judgment.

Hypothesis 1:     Understory cover often diminishes as juniper increases, creating a mosaic
landscape of canopy and intercanopy areas, each with very different water, nutrient and soil
characteristics.

     Juniper aggressively competes for water and nutrients in intercanopy zones through its lateral
rooting characteristics.  In many cases, especially in xeric sites (i.e. south facing slopes, shallow
soils) intercanopy vegetation cover is greatly reduced.  When this happens

C nutrients are concentrated in canopy areas
C erodibility of intercanopy areas is increased
C microclimate of intercanopy areas is very extreme and unfavorable for plant

germination
C infiltration capacities of canopy areas are greater than intercanopy areas
C soils build up in canopy areas and deflate in intercanopy areas.

Hypothesis 2:     Most (if not all) runoff and erosion from pinyon-juniper and juniper
woodlands is generated from intercanopy areas.

     Soil and cover conditions in canopy and intercanopy areas are fundamentally different and
profoundly affect not only runoff and erosion but the whole water budget.  Tree canopies
intercept water and lower the rainfall energy, duff layers under the canopy protect the soil and
increase infiltrability.

Hypothesis 3:     Runoff and erosion in juniper woodlands is scale dependent and generally
diminish as scale increases.

     In semiarid environments, as the scale increases so does the opportunity for water to infiltrate
and sediment to be deposited.  Our watershed studies in New Mexico clearly demonstrate
diminishing runoff and erosion with increasing size.  This scale effect is of more than just
academic importance.  It means that although erosion may be higher locally as a result of juniper
expansion, the off site impacts are likely to be minimal.  As Gifford (1985) points out, sediment
(and associated nutrients) produced in pinyon-juniper woodlands will likely be redeposited in
riparian areas and result in a net benefit to the whole ecosystem.  The exception is when channel
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erosion (in the case of gullies) is occurring.  In this case erosion may actually increase with
scale and off-site impacts may be substantial.

Hypothesis 4:     Although juniper encroachment will in many cases, increase erodibility of
sites, erosion rates will generally be quite low.

     Runoff is not common in these areas and it generally results from low energy storms. 
Therefore, even if considerable bare soil is exposed, water erosion will be quite low.  Gifford
(1987) concluded, on the basis of his research, that there was little basis for the common
perception that accelerated erosion was occurring in pinyon-juniper woodlands of Utah.  As noted
earlier rainfall erosivity or energy of rainfall is one of the most important factors determining
erosion.  In these areas, surface runoff occurs infrequently and is mainly generated as frozen soil
runoff rather than from intense thunderstorms.  Wilcox (1994) demonstrated that erosion from
frozen soil runoff was much lower than that from intense summer thunderstorms.  Few if any
measurements have been made of actual runoff events from juniper rangelands in the northwest. 
Sagebrush rangelands of Reynolds Creek are the best analog.  Runoff and erosion rates from
Reynolds Creek are very low.  As previously noted, erosion rates were less than 50 kg/ha. 
Compare that value to the 50,000 kg/ha of sediment estimated to have been eroded from a
hillslope in New Mexico in just one summer (Wilcox et al. 1995).  There will be exceptions. 
These will be areas of highly erodible soils on slopes that are moderately steep to steep.

MANAGEMENT IMPLICATIONS/RECOMMENDATIONS

1.  Off-site impacts due to erosion from juniper woodlands are probably minimal, and perhaps
beneficial.  In most semiarid environments, eroded sediments are quickly redeposited,
most likely in riparian zones where they will supply additional nutrients.  There are
compelling reasons to reduce density of juniper in many locations, but improvement in
water quality is not one of them.

2.  Evaluate each site on a case-by-case basis.  Just as one cannot assume that naturally
occurring erosion rates are high because herbaceous cover is low, one cannot assume that
accelerated erosion will not occur.  Evidence of accelerated erosion includes gullying, high
density of hillslope channels or rills, pedestaling, sediment deposition areas etc.

3.  If burning or mechanical treatment is employed to reduce juniper cover the impact to the
watershed will be short lived.  Especially if slash is scattered over the area.

4.  In making our assessment we have had to “go out on a limb”.  To our knowledge, there
are no data on rates of water erosion from juniper woodlands.  Erosion measurements
need not require expensive investments in experimental watersheds.  In our research we
have employed several “low tech” techniques that have supplied valuable measurements of
soil erosion.  For example, we have used erosion bridges (permanently marked locations
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where repeated measures of the microtopography can be made) and runoff/erosion plots
with good success.  Other techniques such as dating exposed tree roots, measuring
sediments stored on the hillslope, and surveys of gullies or stream channels can provide
valuable estimates of erosion.
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